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Abstract. Introduction: Pirfenidone has been shown to reduce the decline in forced vital capacity (FVC) compared to placebo in patients with idiopathic pulmonary fibrosis (IPF). Previous studies have suggested that
patients with a more rapid decline in FVC during the period before starting pirfenidone experience the greatest
benefit from treatment. The purpose of this retrospective observational study was to investigate the response to
pirfenidone in IPF patients, comparing two groups stratified by the annual rate of decline in FVC % predicted
prior to treatment. Methods: Using the rate of decline in FVC % predicted in the 12 months prior to pirfenidone, patients were stratified into slow (<5%) or rapid (≥5%) decliner groups. Comparisons in the lung function
response to pirfenidone in these two groups were performed. Results: Pirfenidone resulted in no statistically
significant reduction in the median annual rate of decline in FVC or FVC % predicted. In the rapid decliners, pirfenidone significantly reduced the median (IQR) annual rate of decline in FVC % predicted (-8.7 (-14.2 – -7.0)
%/yr vs 2.0 (-7.1 – 6.0) %/yr; n=17; p<0.01). In the slow decliners, pirfenidone did not reduce the median (IQR)
annual rate of decline in FVC % predicted (-1.3 (-3.2 – 1.3) %/yr vs -5.0 (-8.3 – -0.35) %/yr; n=17; p=0.028).
Conclusions: We demonstrate the greater net effect of pirfenidone in IPF patients declining rapidly. We suggest
that using an annual rate of decline in FVC of <5% and ≥5% may be useful in counselling patients with regard
to pirfenidone treatment.(Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (2): 218-224)
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive, irreversible interstitial lung disease (ILD) of unknown aetiology. Four large, multicentre randomised
controlled trials (RCTs) have shown that pirfenidone
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is able to reduce the progression of IPF compared
to placebo, as well as being safe and well tolerated
(1-3). In 2013, the National Institute for Health and
Care Excellence (NICE) in the United Kingdom approved the use of pirfenidone in IPF patients with a
forced vital capacity (FVC) of 50-80% predicted (4).
Nintedanib, a tyrosine kinase inhibitor, was approved
by NICE for the treatment of IPF in 2016 (5).
Data from an interim analysis of a long-term,
open-label extension study (RECAP) involving 603
patients who took part in the CAPACITY trials,
showed that 69% of patients receiving pirfenidone
were alive at week 228 (4.4 years) and that after five
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years, approximately half of the patients who were
initially randomised to pirfenidone were still taking it (6). A pre-specified pooled analysis of 1,247
patients from the CAPACITY trials and the ASCEND study found that compared to placebo, pirfenidone reduced the risk of death at one year by
48% (7). It also demonstrated a consistent treatment
effect across sub-populations, including those stratified by age and severity of disease.
RCTs of pirfenidone in IPF tend to poorly reflect patients treated in usual clinical practice. Study
patients have less comorbidities, a specific severity of
disease defined only by FVC and an age limit of less
than 80 years of age. Open label studies and both
prospective and retrospective reports of outcomes
from usual clinical practice offer insights beyond
those gleaned from RCTs.
A number of observational studies confirming
the safety and efficacy of pirfenidone in patients with
IPF in the real world have been published (8-21).
Three of these have suggested that patients with a
more rapid decline in FVC during the period before
starting pirfenidone experience the greatest benefit
from treatment determined by a significant improvement in FVC decline over a six month (10, 21) and a
12-month follow-up period (13).
In this retrospective observational study, we
investigated the response to pirfenidone in patients
with IPF, comparing two groups stratified by the
annual rate of decline in FVC % predicted prior to
treatment.
Methods
The article has been approved by Ethics Committee. We performed a retrospective observational
study of IPF patients treated with pirfenidone in two
tertiary referral centres for ILD in the North of England. The clinical records of 68 IPF patients commencing pirfenidone between June 2013 and March
2015 at the Northern General Hospital, Sheffield
were reviewed. All patients fulfilled the NICE criteria of a FVC 50-80% predicted. The clinical records
of 351 patients with IPF commencing pirfenidone
between September 2011 and February 2016 at the
Manchester University NHS Foundation Trust,
Wythenshawe Hospital, Manchester were reviewed.
These patients were either involved in the manu-
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facturer-funded Named Patient Programme (NPP)
for pirfenidone between September 2011 and April
2013 (n=48) or were treated after the approval of
pirfenidone by NICE in April 2013 (n=303). Those
patients involved in the NPP had a FVC of at least
50% predicted and/or diffusing capacity of the lungs
for carbon monoxide (DLCO) of at least 35% predicted. The patients who were treated following NICE
approval had a FVC 50-80% predicted. All patients
had a multidisciplinary team (MDT) diagnosis of
probable or definite IPF as per the ATS/ERS consensus statement of 2011 (22).
Pirfenidone was prescribed as per manufacturer
recommendations and was titrated to a dose of three
267mg capsules three times daily (total 2403mg/
day), as tolerated. At each clinical review, details
of any adverse event and the subsequent management strategy were documented. Dose modifications due to adverse events were implemented on an
individual patient basis, according to the patient’s
response. Data regarding the number and type of
adverse events were collected, including the number
of patients who discontinued pirfenidone or had a
change in treatment dose. Full blood count, urea and
electrolytes and liver function tests were taken prior
to commencing pirfenidone, and then monitored at
each clinical review. Baseline demography collected
included age, sex, body mass index (BMI), smoking
status and comorbidities.
The annual rate of decline in FVC, FVC % predicted, DLCO and DLCO % predicted both pre- and
post-pirfenidone was calculated using PFT data at
12 months pre-treatment, baseline and 12 months
post-treatment. In those patients that did not have
PFTs performed at 12 months pre- or post-treatment, using two or more PFT data sets (over a period greater than 12 months) a line of best fit was created using Microsoft Excel, which was then used to
estimate the annual rate of decline in lung function.
The absolute change in FVC% and DLCO % predicted
was used rather than relative change.
Patients were stratified into slow or rapid decliner groups according to the rate of decline in FVC
% predicted in the 12 months prior to them receiving pirfenidone. Patients were defined as being slow
decliners if they had a rate of decline in FVC % predicted of less than 5%. If the rate of decline in FVC
% predicted was 5% or greater, they were designated
as a rapid decliner. 5% was used as a cut off as a 2-6%
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annual decline in FVC has been suggested as being
clinically meaningful and noticeable by a patient in
terms of symptom change (23). It also split the two
groups into equal numbers of patients.
Wilcoxon signed rank or Mann-Whitney test
was used to compare numerical variables that were
not normally distributed and t-test was used to compare numerical variables that were normally distributed. Data were analysed in GraphPad Prism 7.0a.
Parametric data are presented as mean ± standard
deviation, unless otherwise stated. Non-parametric
data are presented as median and interquartile range
(IQR). P values <0.05 were considered to be statistically significant.
Results
Study population
In total, 419 IPF patients treated with pirfenidone were identified. However, only patients who
had FVC data for at least 12 months prior to starting
pirfenidone, at baseline (within one month pre/post
treatment) and at least 12 months post-treatment
initiation were included. As a result, 384 patients
were excluded from the study as they did not have
lung function data sufficient for a full evaluation. 309
patients (80.5%) were excluded due to the absence of
PFT data at least 12 months pre-pirfenidone. This
was due to these patients starting pirfenidone within

12 months from diagnosis. 53 patients (13.8%) were
excluded due to the absence of PFT data at least 12
months post-pirfenidone. Reasons for the absence of
this data include discontinuation of pirfenidone (n
= 20) and death (n = 14). In 19 patients the PFT
data was absent as the data was collected within 12
months of the patient commencing pirfenidone. 22
patients (5.7%) were excluded as PFT data was not
available within one month pre/post treatment. One
patient was excluded from the analysis as there was
a 48% improvement in FVC over a 12-month pretreatment period which is inconsistent with clinical
behaviour and likely secondary to improved spirometry technique. Therefore, 34 patients were included
in the study. Out of the 34 patients, 13 had the annual rate of decline in FVC% and DLCO % predicted
imputed from a line of best fit.
At the time of starting pirfenidone, the 34 patients had a mean age of 69 years (range 54-83). 71%
were male. Mean BMI was 28.2 (range 18.7-36.7).
59% were ex or current smokers. Mean FVC was 2.6
± 0.56L, mean FVC % predicted was 71.1 ± 7.2%,
mean DLCO was 3.7 +/- 1.1 mmol/min/kPa and mean
DLCO % predicted was 43.6 +/- 10.8% prior to pirfenidone therapy. Chronic obstructive pulmonary disease
(COPD) was a documented comorbidity in 12% of
patients prior to the diagnosis of IPF and therefore
could represent combined pulmonary fibrosis and
emphysema syndrome. Table 1 shows the baseline
patient characteristics in our cohort compared to the
CAPACITY (2) and ASCEND (3) studies.

Table 1. Baseline patient characteristics compared to CAPACITY and ASCEND studies
Patient characteristics

Total cohort
(n=419)

Cohort analysed
(n=34)

CAPACITY
(n=432)

ASCEND
(n=278)

Mean age - years

70.1

68.8

66.8

68.4

Male sex – no. (%)

338 (80.7)

24 (70.6)

306 (70.8)

222 (79.9)

Former / current smoker – no. (%)

278 (66.3)

20 (58.8)

399 (92.4)

184 (66.2)

Mean FVC % predicted

68.6

71.1

75.2

67.8

Mean DLCO % predicted

40.3

43.6

47.1

43.7
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Decline in PFTs
Pirfenidone treatment resulted in no statistically
significant change in the median (IQR) annual rate
of decline in FVC (-150 (-315 – -47.5) ml/yr vs -55
(-340 – 45) ml/yr; n=34; p=0.35), FVC % predicted
(-4.5 (-9.3 – -1.3) %/yr vs -1.2 (-7.2 – 3.3) %/yr;
n=34; p=0.16), DLCO (-0.49 (-0.97 – 0.0075) units/
yr vs -0.55 (-0.84 – -0.11) units/yr; n=24; p=0.89)
or DLCO % predicted (-6.6 (-10.8 – 2.6) %/yr vs -6.2
(-9.5 – -1.2) %/yr; n=24; p=0.96). Figure 1 shows the
annual rate of decline in FVC % predicted pre- and
post-pifenidone.
In the rapid decliners, defined as annual rate of
decline in FVC ≥5%, pirfenidone significantly reduced
the median (IQR) annual rate of decline in FVC (-310
(-480 – -220) ml/yr vs 20 (-285 – 140) ml/yr; n=17;
p<0.01) and FVC % predicted (-8.7 (-14.2 – -7.0) %/
yr vs 2.0 (-7.1 – 6.0) %/yr; n=17; p<0.01). There was
no significant change in the median (IQR) annual
rate of decline in DLCO (-0.44 (-1.6 – 0.005) units/yr
vs -0.81 (-0.86 – -0.15) units/yr; n=9; p=0.89) or DLCO
% predicted (-9.0 (-15.2 – 1.1) %/yr vs -8.1 (-10.6 –
-1.0) %/yr; n=9; p>0.99). Figure 2 demonstrates the
annual rate of decline in FVC % predicted pre- and
post-pirfenidone in the rapid decliners.
In the slow decliners, defined as annual rate of
decline in FVC <5%, there was a statistically significant increase in the mean annual rate of decline in
FVC (-70 (-115 – 20) ml/yr vs -180 (-350 – -25)
ml/yr; n=17; p=0.005) and FVC % predicted postpirfenidone (-1.3 (-3.2 – 1.3) %/yr vs -5.0 (-8.3 –
-0.35) %/yr; n=17; p=0.028). There was no significant

Fig. 1. Scatter plots (median and IQR) of the annual rate of decline in FVC % predicted pre and post pifenidone (p=0.16)
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change in the median (IQR) annual rate of decline
in DLCO (-0.54 (-0.86 – 0.04) units/yr vs -0.46 (-0.71
– -0.05) units/yr; n=15; p=0.81) or DLCO % predicted
(-5.6 (-10.3 – 4.4) %/yr vs -4.9 (-8.0 – -0.5) %/yr;
n=15; P>0.99). Figure 3 shows the annual rate of decline in FVC % predicted pre- and post-pirfenidone
in the slow decliners.
The baseline patient characteristics were similar
between the rapid and slow decliner groups (table 2).
Three patients in the rapid decliner group and four
patients in the slow decliner group had either a dose
reduction or a temporary discontinuation of pirfenidone due to side effects during the 12 months after
commencing treatment.
Of the four patients with a documented comorbidity of COPD, two were rapid decliners and

Fig. 2. Scatter plots (median and IQR) of the annual rate of decline in FVC % predicted pre- and post-pirfenidone in the rapid
decliners (p<0.01)

Fig. 3. Scatter plots (median and IQR) of the annual rate of decline in FVC % predicted pre- and post-pirfenidone in the slow
decliners (p=0.028)
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Table 2. Baseline patient characteristics of the rapid decliner and slow decliner groups (stratified using a pre-pirfenidone annual decline of
FVC ≥5% versus <5%)
Patient characteristics

Rapid decliners

Slow decliners

p value

Mean age - years

68.9

66.9

0.45

Male sex – no. (%)

11 (64.7)

13 (76.5)

0.71

Former / current smoker – no. (%)

8 (47.1)

12 (70.6)

0.30

Mean FVC % predicted

70.4

71.7

0.62

Mean DLCO % predicted

39.3

47.1

0.053

two were slow decliners. When these patients were
removed from the above analysis there was no significant change to the results in terms of decline in
FVC, FVC % predicted, DLCO or DLCO % predicted
both overall and when stratified into slow or rapid
decliner groups.
When the cohort of 34 patients were stratified
into rapid and slow decliner groups using an annual
rate of decline in FVC of ≥10% versus <10%, there
was no statistically significant change in the median
annual rate of decline in FVC or FVC % predicted pre- and post-pirfenidone in the slow decliners
(n=26). However, in the rapid decliner group (annual rate of decline in FVC ≥10%) pirfenidone significantly reduced the median (IQR) annual rate of
decline in FVC (-385 (-510 – -240) ml/yr vs 140
(50 – 280) ml/yr; n=8; p<0.01) and FVC % predicted
(-14.2 (-20.2 – -12.0) %/yr vs 6.0 (2.1 – 7.1) %/yr;
n=8; p<0.01). There was no statistically significant
change in the median annual rate of decline in DLCO
or DLCO % predicted pre- and post-pirfenidone in the
slow decliners (n=20) or the rapid decliners (n=4).
Figure 4 is a linear regression XY graph of the
annual rate of decline in FVC % predicted pre- and
post-pirfenidone. The gradient of best fit is approximately -0.4 which means that for every 1% annual
decline in FVC % predicted pre-treatment, there was
a 0.4% greater response to pirfenidone. This is significantly non-zero with p=0.0084. Therefore, there
is a significant negative correlation between the annual rate of decline in FVC % predicted pre- and
post-pirfenidone.

Fig. 4. Linear regression XY graph of the annual rate of decline in
FVC % predicted pre- and post-pirfenidone (p=0.0084)

Discussion
This retrospective observational study from
two tertiary referral centres for ILD in the North of
England demonstrates the real world experience of
pirfenidone treatment for a subset of patients with
IPF in which lung function data was available at least
12 months pre- and post-treatment. IPF is generally
a progressive disease with a variable clinical course
which is often difficult to predict. Our data suggest
that the rate of decline in FVC % predicted prior to
starting pirfenidone can be used to stratify patients
into slow (<5%/yr) and rapid decliners (≥5%/yr) and
that the effect of pirfenidone is significantly different
in these two groups. Our data demonstrate that pir-

Real world experience of response to pirfenidone in patients with IPF

fenidone significantly reduced the mean annual rate
of decline in FVC % predicted and FVC in rapid
decliners but not in slow decliners. In fact, there was
a statistically significant increase in the mean annual rate of decline in FVC % predicted post-pirfenidone in the patients declining slowly. However,
as demonstrated in figure 4, the FVC % predicted
post-pirfenidone remained stable in the majority of
the slow decliners. As pirfenidone treatment can be
associated with a side effect profile it is important
to attempt to identify those patients who will gain
the best balance between benefit (in terms of reduced
lung function decline) and potential harm (side effects). Therefore, we suggest that using a 5% annual
rate of FVC decline cut off may be useful in making
pirfenidone treatment decisions, especially in those
patients where there are concerns regarding the benefit of treatment.
Nathan et al. have described, in post hoc analysis of the CAPACITY and ASCEND pooled data
set, the inability of previous lung function to predict
future lung function (24). This data analysis has been
derived from static data points of FVC and FVC %
predicted and has not considered rate of decline in
FVC or FVC % predicted. However, our data analysis, although performed in much smaller numbers
of patients, suggests that the rate of decline in lung
function is an important consideration alongside
static point measurement of FVC.
Three real life studies have shown similar results
regarding the greater net effect of pirfenidone in IPF
patients declining rapidly as compared with more
slowly declining patients. A study by Okuda et al.
demonstrated that patients who had the most severe
decline in FVC (≥150 ml over a six-month period
before starting pirfenidone) benefitted the most from
treatment (10). Loeh et al. found that patients with
an annual decline of FVC ≤10% prior to receiving
pirfenidone remained stable with treatment, whereas
those patients with an annual decline of >10% benefitted greatly from pirfenidone, with some patients
experiencing an improvement in FVC (13). A similar
outcome was demonstrated by Biondini et al. who
also found that the beneficial effect from pirfenidone
was greater in the patients with a pre-pirfenidone
annual decline of FVC >10%, especially over the
first six month treatment period (21). In addition to
these studies, our results suggest that rapid decliners
receive the most therapeutic benefit when the groups
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are stratified using a pre-pirfenidone annual decline
of FVC ≥5% versus <5% as well as ≥10% versus <10%.
This study was retrospective and therefore limited mainly by our access to PFT data, both pre- and
post-initiation of pirfenidone treatment, and the
variation in testing and timing that often follows
from usual clinical practice. Across the two centres,
there were 419 IPF patients treated with pirfenidone
over the study period. However, due to the lack of
PFT data, 384 patients (92%) were excluded. This
was mainly due to the absence of PFT data pre-pirfenidone, as many patients would have commenced
treatment within 12 months of diagnosis. These
patients that were excluded are more likely to have
either rapidly progressive disease or a delayed diagnosis which is a potential source of bias. However, as
illustrated in table 1, the lung function at the time
of commencing pirfenidone was similar between the
total cohort (n = 419) and the cohort with sufficient
PFT data for analysis (n = 34). Another potential
source of bias is the exclusion of patients that died or
discontinued pirfenidone within 12 months of starting treatment.
Following initiation of pirfenidone, there was no
statistically significant reduction in the median annual rate of decline in FVC or FVC% predicted in
the total cohort. This may be due to the statistically
significant increase in the median annual rate of decline in FVC and FVC% predicted post-pirfenidone
observed in the slow decliner group. This has not
been reported in previous studies of pirfenidone in
IPF patients and is an interesting finding. However,
this result is based on a small sample of a larger data
set which is prone to bias and thus has a chance of
being spurious. Therefore, it does not represent sufficient evidence for IPF patients with a slow rate of
decline in FVC to be denied pirfenidone. The relatively small number of patients in our study necessitates caution when extending our findings to IPF
patients in general and further prospective clinical
studies, including larger numbers of patients are required before drawing any firm conclusions.
It could be argued that our data can be interpreted through reference to the statistical concept of ‘regression to the mean’. This concept describes a bigger
effect of a treatment in groups where high numbers
of events are present e.g. the outcome of treatment
of patients with high rate of decline in FVC will be
greater than outcomes of treatment in patients with
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slower FVC decline (less events). Although there is
no specific statistical test that can confirm or refute
this, the significant negative correlation between the
annual rate of decline in FVC % predicted pre- and
post-pirfenidone, demonstrated in figure 4 suggests
that this is not the case.
In conclusion, we demonstrate a greater net effect of pirfenidone in patients declining rapidly as
compared with more slowly declining patients. We
suggest that using an incident rate of decline in
FVC of <5% per year (slow decliners) and ≥5% per
year (rapid decliners) may be useful in counselling
patients with regard to treatment. However, we recognise the limitations of the study and suggest that
larger studies are needed to confirm our findings before making significant changes to the routine management of IPF patients.
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